The effect of riboflavin analogs on blue Ught responses in a riboflavin mutant of Neurospora crassa was studied. The analogs 1-deazariboflavin and roseoflavin, which have red-shifted absorption, acted as photoreceptors for the photosuppression and phase shifting of circadian conidiation by 540 nm Hght, but were ineffective as photoreceptors for the induction of carotenoid synthesis. These results provide additional evidence impUcating a flavin photoreceptor for at least two blue Ught responses of Newrospora.
In a number of organisms, blue light responses appear to be mediated by a flavin or flavoprotein photoreceptor (22, 23) . For the fungus Neurospora crassa, spectrophotometric studies have implicated a flavin-mediated photoreduction of a b-type Cyt in such responses (3, 14) . Recent studies with mutant strains of Neurospora have also indicated flavin-Cyt b involvement because a Cyt b (2, 4) or flavin (17, 18) deficiency correlates with a decreased sensitivity to light. The specific flavoprotein(s) involved has not yet been identified, but it does not appear to be nitrate reductase (19) , which has been suggested as a potential blue light receptor for Neurospora (12) .
Another approach that has proven useful in photobiology is the replacement of natural chromophores by analogs. Examples include the use of retinal analogs in the study of Halobacterium membranes (25) and mammalian vision (6) . Only a few studies, however, have utilized analogs in the study of blue light responses. Page (16) used L-lyxoflavin, a riboflavin analog, in studies which indicated a flavin photoreceptor for trophocyst formation in Pi- lobolus. Two recent studies have applied this approach using roseoflavin, a riboflavin analog with red-shifted absorption. In Phycomyces, roseoflavin acted as a photoreceptor for phototropism (15) , while in Neurospora it was ineffective as a photoreceptor for carotenogenesis (24) .
The present work examines the effect of riboflavin analogs on three Neurospora blue light responses: the suppression and phase shifting of circadian conidiation, and the induction of carotenoid synthesis. Two analogs, 1-deazariboflavin and roseoflavin, which have red-shifted absorption (26) as compared to riboflavin (535, 505, and 445 nm absorption maxima, respectively) were chosen for study following preliminary experiments with 17 different analogs. Neurospora will not normally respond to wavelengths above 520 nm for the three photoresponses described above (8, 9, 21 (b) Photoinduced Phase Shifting. Growth tubes were inoculated and placed in constant darkness; after 24 h they were transferred to 6°C for 12 h (dark) in order to synchronize the conidiation rhythm. The growth tubes were then shifted to 25°C and, after about 80 h of growth, were exposed to a pulse of 540 nm light. Light pulses were given in all cases at CT2 2200, which is the CT at which the center of a conidial band occurs (10) . The amount of phase shift was determined by a method previously reported (10) . Aeration was used for growth tubes (17) in order to stimulate conidiation so that conidial banding could be clearly observed.
(c) Photoinduced Carotenoid Synthesis. The assay for this response is the same as previously reported (17 (Table I) . With both analogs, phase shifts were observed from exposures to light of 30 to 60 min given at CT 2200. The phase shifts induced in the presence of 1- deazariboflavin were approximately twice those with roseoflavin. The maximum phase shifts induced with analog supplementation were about one-third or less than those that can be induced in riboflavin grown bd rib-2 by a brief pulse (15 s, 0.5 w/m2) of white light (17) . In the controls (riboflavin only), no or only slight phase shifts were induced by the 540 nm light. The ratios of analog to riboflavin were the same as in the photosuppression assays.
Photoinduced Carotenogenesis. For this response, no or extremely weak photoreceptor activity was observed for 1-deazariboflavin or roseoflavin. The levels of induced carotenoids in analog-grown cultures were only slightly above the background for the riboflavin supplemented control (Table II) . The maximum levels induced here were about one-fifth or less than those that occur after a brief pulse (30 s, 0.63 w/m2) of white light in the bd rib-2 strain grown with riboflavin supplementaion (17) . The ratios of analog to riboflavin were the same as in the assays for the other 
RESULTS
Photosuppression of Circadian Conidiation. When the bd rib-2 strain was grown with 1-deazariboflavin plus riboflavin and incubated in constant 540 nm light (0.05 w/m2), circadian conidiation was almost completely suppressed (Fig. 2b) . Roseoflavin plus riboflavin were somewhat less effective in sensitizing the response to the constant 540 nm light, as circadian conidiation was only partially suppressed at intensities up to 0.20 w/m2. The effect at 0.05 w/m2 of roseoflavin is shown in Figure 2b . When riboflavin alone was employed, then circadian conidiation was observed in constant light of the same intensities (Fig. 2b) . Furthermore, when cultures containing the analogs were grown in darkness, circadian conidiation occurred in all cases (Fig. 2a) . The light intensities used were at a level which did not cause an inhibition of the growth rate and interference with the expression of circadian conidiation.
For these experiments, the levels of analog to riboflavin were 5:1 ,UM for 1-deazariboflavin and 8:1 ,UM for roseoflavin. These were the maximum levels of analog which could be used without interfering with the photoresponse assays. At these levels of analog to riboflavin, growth was inhibited by 17% for 1-deazariboflavin and 11% for roseoflavin as compared to growth on riboflavin only. The use of mixtures of the analogs plus riboflavin was necessary inasmuch as the analogs cannot support growth of the bd rib-2
DISCUSSION
The results reported here provide additional evidence indicating that a flavin is a photoreceptor for some of the blue light responses of Neurospora. The experiments have shown that the riboflavin analogs 1-deazariboflavin and roseoflavin can act as photoreceptors. The analogs clearly functioned as photoreceptors inasmuch as the responses were induced by a wavelength of light (540 nm) that is beyond the normal range of sensitivity for Neurospora. This is the second report, therefore, showing that a flavin analog can act as a photoreceptor for blue light responses, as Otto et at. (15) have found that roseoflavin will function as a photoreceptor for phototropism in Phycomyces.
Phase shifting and photosuppression clearly occurred in the presence of roseoflavin and I-deazariboflavin, but carotenogenesis was not induced to a significant extent. Song et a!. (24) also found The simplest assumption consistent with the flavin deficiency phenomenon (17) would be that the flavin analog is taken up and incorporated into the flavoprotein which is the photoreceptor, thereby modifying its properties in comparison to a riboflavincontaining photoreceptor. It is clear that l-deazariboflavin and roseoflavin are taken up since they are inhibitory to growth, presumably because they are nonfunctional in flavoprotein enzymes of various types (26 [5] ) that may be involved in photoreception.
